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Description 

[0001 ] The present invention relates to tank pressure- 
control system, after and particularly, to an apparatus 
fat regulating discharge of liquid fuel and f u I vapor from 
a fuel tank. More particularly, the present invention re- 
lates to a tank venting control apparatus that doses 
quickly and automatically at the proper time to prevent 
discharge of agitated liquid fuel from the tank and overfill 
of the tank and that opens automatically at some point 
after fuel agitation has subsided or tank refueling has 
ended to vent the vapor space in the tank. 
[0002] Some conventional buoyant float members of 
the type used in tank control valves are unable to react 
quickly enough to rising liquid fuel in the tank to move a 
tank closure valve to its vent-closing position in the tank. 
Often, a float member moves upwardly to urge the tank 
closure valve to a position closing a venting outlet in the 
tank only when a sufficient amount of liquid fuel in the 
tank is displaced by the float member. This displace- 
ment must generate enough buoyant force (to add to 
the lifting force generated by a compression spring act- 
ing on the bottom of the float member) to lift the float 
member upwardly to close the venting outlet in the fuel 
tank. Many conventional float members have somewhat 
open-ended bottom portions. These open-ended bot- 
tom portions do not displace a lot of liquid fuel when met 
with rising liquid fuel in a tank. Therefore, there might 
be a delay period between the time that such a conven- 
tional float member is first exposed to rising liquid fuel 
and the time that the float member begins to float and 
move a closure valve upwardly to its vent-closing, posi- 
tion in the fuel tank. 

[0003] The float valves described in US 5535772 and 
US 5577526 are arranged such that a second float 
member is positioned in the open ended bottom portion 
of the valve body. 

[0004] Some tank closure valves of the type used in 
tank venting control systems also have a tendency to 
remain "stuck" in their closed positions. This sticking can 
prolong the closure of the venting outlet in the fuel tank. 
Such closure can continue during high tank pressure 
conditions for a period of time after the liquid fuel level 
in the tank has fallen far enough so the float member 
and tank closure member would ordinarily "fall" in the 
tank away from the venting outlet. The prolonged clo- 
sure of the closure valves often occurs because of a 
high-pressure differential that acts on such tank closure 
valves. This is especially evident when the venting outlet 
in the fuel tank has a relatively large inner diameter. 
What is needed is tank venting control apparatus that 
includes a float member that jerks to a closed position 
when exposed to rapidly rising liquid fuel during sloshing 
conditions, but relies primarily on buoyancy during nor- 
mal refueling conditions. What is also needed is a fill- 
limit valve assembly that includes a closure valve that 
falls away from the venting outlet when the liquid fuel in 
the tank has lowered in the fuel tank. 



[0005] According to the present invention there is pro- 
vided an apparatus for controlling discharge of fuel va- 
por from within a vehicle fuel tank, the apparatus com- 
prising 

5 a valve container adapted to b mounted in a top 

wall of the fuel tank and formed to include an inlet in fluid 
communication with the fuel tank, an outlet; a side wall 
extending between the inlet and outlet, and a chamber 
. in fluid communication with the inlet and the outlet, 

10 a valve member disposed in the chamber and 
formed for movement between an open position allow- 
ing flow of fuel vapor through the outlet and a closed 
position preventing flow of fuel vapor through the outlet, 
and a secondary float valve disposed between the inlet 

15 of the valve container and the valve member, character- 
ised in that the valve member includes a central post 
and wing segments positioned to lie in a spaced apart 
relationship about the post, the wing segments being 
formed to define flow passages sized to permit the flow 

20 of fuel vapor therethrough and to block momentarily the 
flow of liquid fuel therethrough, and 

the secondary float valve is formed for movement 
between an open position allowing flow of fuel vapor to 
the wing segments of the valve member and a closed 

25 position blocking flow of liquid fuel to the wing segments. 
[0006] Additional objects, features, and advantages 
of the invention will become apparent to those skilled in 
the art upon consideration of the following detailed de- 
scription of the preferred embodiment exemplifying the 

30 best mode of carrying out the invention as presently per- 
ceived. 

Brief Description of the Drawings 

35 [0007] The detailed description particularly refers to 
the accompanying figures in which: 

Fig. 1 is a diagrammatic view of a tank venting con- 
trol apparatus mounted in a fuel tank having a filler 
40 neck; 

Fig. 2 is a side elevation view of the tank venting 
control apparatus of Fig. 1 showing the control as- 
sembly including a container lid and a valve con- 
tainer; 

45 Fig. 3 is a top plan view of the tank venting control 
apparatus of Fig. 2 showing the container lid includ- 
ing a closure shell, a first output tube, a pressure- 
. relief module, and a second output tube; 
Fig. 4 is an exploded assembly view of components 

so included in the tank venting control apparatus of 
Figs. 1-3 showing the container lid, the valve con- 
tainer, an upper closure member and an underlying 
support frame that cooperate to close and open a 
venting outlet formed in the valve container and 

55 shown in Fig. 5, a float member formed to include 
a central post and three pie-shaped wing segments 
arranged to iie around the central post, a spring, and 
a base; 
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# Fig. 4a is a perspective view of th float member of 
Fig. 4 showing the float member having three wing 
segments, each with two axiaily extending flow pas- 
sages, appended to the central post, a lower clo- 
sure member including a dome appended to the 5 
central post, and an upright nipple appended to the 
dome; 

Fig. 5 is a sectional elevation view of the tank vent- 
ing control apparatus of Figs. 1 -4 taken along line 

5- 5 of Fig. 3 showing the lower closure member of w 
the float member and the upper closure member in 

a lowered position away from the venting outlet 

formed in the valve container; 

Fig. 6 is a transverse sectional view taken along line 

6- 6 of Fig. 5 showing the valve container including 15 
spaced-apart guide ribs and a chamber and the 
float member being positioned to lie within the 
chamber and in engagement with the guide ribs; 

Fig. 7 is a view similar to Fig. 5 showing upward 
movement of the float, member during fuel sloshing 20 
or the like to move upper closure member in an up- 
ward direction to close the tank venting outlet 
formed in the valve container so that liquid fuel car- 
ryover from the fuel tank is prevented; 
Fig. 8 is a view similar to Fig. 7 showing later down- 25 
ward movement of the lower closure member of the 
float member in response to falling levels of liquid 
fuel in the fuel tank to open a bypass aperture in the 
upper closure member so that fuel vapor can vent 
through the bypass aperture while the upper do- so 
sure member remains in its closed position; 
Fig. 9 is a view similar to Figs. 7 and 8 showing 
downward movement of the upper closure member 
to an opened position allowing maximum venting 
through the tank venting outlet as a result of down- 35 
ward force applied to the upper closure member, at . 
least in part, by outwardly extending flanges provid- 
ed on the float member as the lower closure mem- 
ber ofthe float member sink in the fuel tank; 
Fig. 10 is an enlarged transverse sectional detail 40 
view of a tank venting control apparatus showing a 
tubular skirt around a rollover valve assembly that 
includes a float member, 

Fig. 1 1 is a top plan view of the float member includ- 
ed in the embodiment of Fig. 10 showing the float 45 
member including a central post, three wing seg- 
ments coupled to the central post, each having an 
exterior wall and an interior wall that cooperate to 
define a flow passageway, and three spaced apart 
T-shaped slots that extend between the wing seg- so 
ments and the central post; 
Fig. 12 is a side elevation view of the float member 
of Fig. 11 showing the central post defining a cavity, 
a bridge coupling the interior wall of the wing seg- 
ment to the post, and the bridge defining a spring- 55 
receiving notch between the interior wall and the 
post; 

Fig. 1 3 is a perspective view of th float member of 



Figs. 10-12 showing a lower closure coupled to the 
post; 

Fig. 14 is a perspective view of a tank venting con- 
trol apparatus showing a vent apparatus, an outlet 
tube coupled to the vent apparatus, a valve contain- 
er, and an inlet tube coupled to the valve container; 
Fig. 15 is a side elevation view of the tank venting 
control apparatus of Fig. 14 showing the relative po- 
sitioning of the inlet tube and the outlet tube; 
Fig. 16 is a front elevation view of the tank venting 
control apparatus of Figs. 1 5 and 16; 
Fig. 17 is a sectional elevation view of the tank vent- 
ing control apparatus of Figs. 15-17 taken along 
lines 18-18 of Fig. 16 showing a float member and 
upper and lower closures situated in a lowered po- 
sition away from an overlying venting outlet formed 
in the valve container; 

Fig. 1 8 is a diagrammatic view of a tank venting con- 
trol apparatus in accordance with the present inven- 
tion mounted in a fuel tank having a filler neck; 
Fig. 19 is a side elevation view of the tank venting 
control apparatus of Fig. 1 8 showing the control ap- 
paratus including a container lid, a valve container, 
and a floor, 

Fig. 20 is a top plan view of the tank venting control 
apparatus of Fig. 19 showing the container lid in- 
cluding a closure shell and output tubes; 
Fig. 21 is a sectional elevation view of the tank vent- 
ing control system of Figs. 18-20 taken along line 
21-21 of Fig. 20 showing a float member and upper 
and lower closure members in a lowered position 
away from an overlying vent outlet formed in the 
valve container and showing a base coupled to the 
valve container and the valve container defining a 
fill-limit valve housing and a float valve situated 
within the fill-limit valve housing and positioned in a 
lowered position away from the base; 
Fig. 22 is a view similar to Fig. 21 showing upward 
movement of the float valve during fuel sloshing or 
the like to block slots formed in the base so that liq- 
uid carryover from the fuel tank is prevented; 
Fig. 23 is a view similar to Fig. 22 showing upward 
movement of the float member during severe fuel 
sloshing or the like when the fuel rises faster than 
the float valve and showing the movement of the 
upper and lower closure members in an upward di- 
rection to close the tank venting outlet formed in the 
valve container so that liquid fuel carryover from the 
fuel tank is prevented; 

Fig. 24 is a view similar to Fig. 22 showing move- 
ment of a buoyant float valve in the fill-limit valve 
housing to a closed position, blocking flow of liquid 
fuel and fuel vapor into the flow passages of the 
valve member through slots formed in the base at 
the point in time after the liquid fuel level inside the 
fu I tank has risen to a pre-det rmin d I vel; and 
Fig. 25 is a view similar to Fig. 24 showing that if a 
pump operator continues to add more and more fuel 
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♦ into the filler neck using a trickle-fill technique, the 
level of liquid fuel in the flow passages of the valve 
' member will ultimately rise to a point high enough 
to apply a buoyancy force to the valve member to 
move the valve member to a position closing a vent- 
ing outlet in the valve container. 

Detailed Description of the Drawings 

[0008] A valve assembly 1 0 is mounted in an aperture 
12 formed in a fuel tank 14 having a filler neck 16 as 
shown in Fig. 1 to regulate flow of liquid fuel and fuel 
vapor from tank 14 to a vapor recovery canister 18 or 
other destination outside tank 1 4. Valve assembly 1 0 in- 
cludes a float member 50 that jerks to a closed position 
when exposed to rapidly rising liquid fuel 20 in the fuel 
tank 14. Float member 50 will remain in the closed po- 
sition, due to its buoyancy so long as the liquid fuel 20 
remains elevated above a pre-determined level within 
the tank 14. The valve assembly 10 can be welded in 
place to tank 14 or coupled to tank 14 using an O-ring 
seal (not shown). Tank 14 contains liquid fuel 20 that is 
introduced into the tank 14 through filler neck 16 using 
a conventional fuel-dispensing pump nozzle (not 
shown). The space 22 in tank 14 above top surface 24 
of liquid fuel 20 and below top wall 26 of tank 1 4 is known 
as the "vapor space" and contains fuel vapor extant in 
tank 14. Valve assembly 10 operates to vent pressu- 
rized fuel vapor from vapor space 22 at the proper time 
and also operates to block unwanted discharge of liquid 
fuel 20 and fuel vapor from tank 1 4 through the aperture 
12 formed in top wall 26 of tank 14. 
[0009] As shown in Figs. 2-4, valve assembly 1 0 in- 
cludes.a valve container 28 and a container lid 30. The 
valve container 28 defines a chamber 52 therein. Valve 
container 28 also includes a cylindrical sleeve 32 having 
an annular lower rim 34, an upper flange 36 defining an 
annular upper rim 38, and a side wall 37. Container lid 
30 includes a closure shell 40, an annular mounting 
flange 42 depending from closure shell 40, a first output 
tube 44 coupled to closure shell 40, a pressure-relief 
module 46 coupled to closure shell 40, and a second 
output tube 48 coupled to pressure-relief module 46 for 
venting fuel vapor to the atmosphere. 
[0010] More details of one embodiment of valve as- 
sembly 10 are shown in Fig. 4. Valve assembly 10 fur- 
ther includes afloat member 50 sized to fit into and move 
up and down in the chamber 52 formed in valve contain^ 
er 28, an upper closure member 54, a frame 56 config- 
ured to support upper closure member 54 and connect 
to float member 50 to allow for some limited axial move- 
ment of float member 50 relative to upper closure mem- 
ber 54, and a base 58. The base 58 is coupled to the 
cylindrical sleeve 32 and lies in a float member-support- 
ing position underneath the movable float member 50. 
[0011] Referring to Figs. 4 and 5, valve container 28 
also includes external axially xtending ribs 60 spaced 
apart about the circumference of an out r surface 31 of 



cylindrical sleev 32. Illustratively, three axially ext nd- 
ing, sheet-like guide ribs 62 are positioned to lie spaced 
apart about in container chamber 52. One edge of each 
guide rib 62 is anchored to an inner surface 64 of cylin- 

5 drical sleeve 32 and ach guide rib 62 extends in a radial 
direction from that inner surface 64 toward a central axis 
66 extending axially through valve container 28. The 
three guide ribs 62 in the illustrated embodiment are uni- 
formly spaced apart at 120° intervals (as shown best in 

10 Fig. 6) and function to mate with the axially movable float 
member 50 and block rotation of float member 50 rela- 
tive to cylindrical sleeve 32 during axial movement of 
float member 50 in container chamber 52 along central 
axis 66 relative to cylindrical sleeve 32. Each guide rib 

is 62 includes a lower edge 68 for engaging base 58 once 
base 58 is mounted in container chamber 58 as shown 
in Fig. 5. Each guide rib 62 is integrally appended to 
cylindrical sleeve 32 in the illustrated embodiment. Al- 
though three guide ribs 62 are illustrated, it is under- 
go stood that greater or fewer than three guide ribs 62 may 
be mounted in container chamber. 
[0012] Float member 50 includes three wing seg- 
ments 70 arranged in circumferentially spaced-apart re- 
lation and appended to a central tube or post 72 as 

25 shown in Figs. 4-6. Central post 72 includes an axially 
extending chamber 69 sized to receive a compression 
spring 71 therein as shown in Figs. 4 and 5. Spring 71 
applies an upwardly directed force to float member 50 
by acting against dome 51 and base 58 to assist in lifting 

so float member 50 whenever float member 50 is exposed 
to rising levels of liquid fuel 20. A radially extending 
space or slot 74 is formed to lie between each pair of 
adjacent wing segments 70 to receive one of the guide 
ribs 62 as shown, for example, in Fig. 6. It is understood 

35 that the number of slots 74 in float member 50 will vary 
with the number of guide ribs 62. 
[0013] Each wing segment 70 illustratively includes 
radially extending first and second spoke walls 76, 78 
and exterior and interior annular walls 80, 82. As shown 

40 best in Figs. 4 and 6, first spoke wall 76 is appended to 
central post 72 and to one end of each of the exterior 
and interior annular walls 80, 82 and second spoke wall 
78 is appended to central post 72 and to another end of 
each of the exterior and interior annular walls 80, 82. 

45 These walls 76, 78, 80, and 82 are arranged, for exam- 
ple, as shown in the drawings to define first and second 
axially extending flow passages 84, 86 through each 
wing segment 70. As described below, the transverse 
cross-sectional shape (e.g., arcuate, narrow width, long 

so arc length) of these flow passages 84, 86 is sized so 
that liquid fuel 20 reaching the entrance to these flow 
passages 84, 86 will tend to agglomerate in the passage 
entrances momentarily to block flow of liquid fuel 20 
through the flow passages 84, 86 owing, at least in part, 

55 to surface tension and/or viscosity of the liquid fuel 20, 
thereby momentarily increasing the effective surface ar- 
a of the bottom of the float member 50. Liquid fuel ag- 
glomerating in the passage entrances along with adja- 
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cent lower edges of various walls 72, 76, 78, 80, 82 In- 
cluded In float member 50 function to define (for at least 
a suitable short period of time) an effective "solid" bot- 
tom wall having a rather large ffective surface area. 
This will cause float member 50 to move quickly to a 5 
vent outlet-closing position in the manner described be- 
low. Although two passageways are illustrated, it is un- 
derstood that greater than two passageways may be 
used so long as the size and shape of the passageway, 
is sufficient to cause a momentary blockage of fluid flow 
therethrough when the passageways are first exposed 
to the rising liquid fuel. 

[0014] Base 58 is shown in Fig. 4 and includes a cir- 
cular plate 88 with, for example, three annular slots 90. 
The slots 90 are arranged to lie near and extend around 
the perimeter edge of circular plate 88. Base 58 also 
includes a protrusion 92 sized to fit into the chamber 52 
formed at one end of central post 72 included in float 
member 50. Protrusion 92 has a cross-shaped trans- 
verse cross section. In addition, central axis 66 extends 
through protrusion 92. It is understood, however, that 
the protrusion 92 may take on a variety of shapes and 
sizes so long as protrusion 92 lies -within chamber 52 
when float member 50 rests upon the base 58. 
[0015] Container lid 30 includes a downwardly facing 
plate 94 lying inside annular mounting flange 42 as 
shown in Figs. 4 and 5. Lid 30 also includes an annular 
rim 96 configured to carry an O-ring seal 98 and sized 
to fit inside upper flange 36 on valve container 28 to trap 
O-ring seal 98 between container lid 30 and valve con- 
tainer 28 as shown in Fig. 5. O-ring seal 98 is urged 
against an annular inner wall 99 included in container 
28 in radially inwardly spaced-apart relation to annular 
upper flange 36 as shown in Fig. 5. 
[0016] Plate 94 in container lid 30 is formed to include 
an aperture 110 positioned to lie between annular rim 
96 and annular mounting flange 42 as shown in Figs. 4 
and 5 to conduct fuel vapor in vapor space 22 into pres- 
sure-relief module 46. As shown In Fig. 1, pressure-re- 
lief module 46 includes a shell 112 that defines a cham- 
ber 114. Chamber 114 provides a flow passageway be- 
tween aperture 110 and second output tube 48. Pres- 
sure-relief module 46 also includes an annular valve 
seat 116 in chamber 114 and around aperture 110, a 
pressure-relief valve 1 1 8, a cap 1 20 for closing an open 
end of shell 112, and a spring 122. The spring yieldably 
urges the pressure-relief valve 1 1 8 into sealing engage- 
ment with the underlying annular valve seat 1 1 6 normal- 
ly to block discharge of fuel vapor from tank vapor space 
22 from pressure-relief module 46 through second outlet 
tube 48. 

[0017] As shown, for example, in Fig. 5, valve con- 
tainer 28 includes a top wall 1 24 coupled to inner surface 
64 of cylindrical sleeve 32 and formed to include venting 
outlet 126 and a shield 128 overlying venting outlet 1 26. 
Shield 128 is integrally append d to top wall 124 in the 
embodiment shown in Fig. 5. Valve container 28 also 
includes an internal annular lip 129 that supports base 



58 in its mounted position in container chamber 52. 
Base 58 supports float m mber 50 as shown, for xam- 
ple, in Fig. 5 until the level liquid fuel 20 in tank 14 rises 
to cause float member 50 to move toward its closed po- 
sition. A ramp d wall 131 is formed in cylindrical sleeve 
32 as shown in Fig. 5 to aid in guiding relative movement 
between base 58 and sleeve 32 during installation of 
base 58. Ramped wall 131 aids in ramping base 58 up 
and over annular lip 129 so that base 58 seats properly 
against an upwardly facing surface of annular lip 129 
following installation of base 58 within chamber 52. 
[001 8] A perspective view of float member 50 by itself 
is shown in Fig. 4a. The dome 51 of the float member 
50 carries a nipple 57. The dome 51 and nipple 57 func- 
tion as a lower closure member 55 and cooperate with 
upper closure member 54 to close the venting outlet 1 26 
formed in valve container 28 as shown in Fig. 7. As 
shown in Fig. 5, dome 51 and nipple 57 are positioned 
to lie in an upper region 81 inside the central tube 72 
provided in float member 50. Dome 51 has a lower 
flange 83 that is appended to a cylindrical inner wall 75 
of central tube 72 and arranged to engage a top end 77 
of compression spring 71 . An axially upper edge 79 of 
central tube 72 is formed to include a radially inwardly 
extending annular retaining lip 73. 
[001 9] Referring now to Figs. 4 and 5, upper closure 
member 54 is formed.to include a closure disk 130 and 
a conical valve seat 1 32 depending from closure disk 
130. Closure disk 130 and valve seat 132 are made of 
a gasket seal-type of material. Conical valve seat 132 
is arranged to funnel the nipple 57 on the underlying float 
member 50 to a position closing the opening 59 formed 
in the closure disk 130 upon engagement of upper clo- 
sure member 54 and the underlying float member 50. 
Frame 56 includes a plate 134 for supporting closure 
disk 1 30 and several legs 1 36 depending from plate 1 34. 
Each leg 136 has an outtumed foot 138 configured to 
engage the annular retaining lip 73 formed on central 
post 72 in float member 50 as shown, for example, in 
Figs. 8 and 9. Plate 134 is formed to include an aperture 
140 receiving the conical valve seat 132 therein as 
shown, for example, in Fig. 5. 
[0020] In operation, the upper and lower closure 
members 54, 55 cooperate to block flow of both liquid 
fuel and fuel vapor out of fuel tank 14 through venting 
outlet 126 during certain circumstances. If the level of 
liquid fuel 20 in tank 1 4 is low and undisturbed as shown 
in Fig. 5, then float member 50 is inactive and rests on 
base 58 to compress spring 71 so that upper and lower 
closure members 54, 55 are kept away from engaging 
top wall 124 and closing venting outlet 126. Fuel vapor 
in vapor space 22 is thus able to vent through valve as- 
sembly 10. 

[0021] Occasionally, liquid fuel 20 is agitated during 
operation of a vehicle (not shown) containing fuel tank 
14. Such agitation often occurs during movement of the 
vehicle, especially during cornering, and can cause liq- 
uid fuel to slosh around inside fuel tank 14 as shown, 
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for example, in Fig. 7. Float member 50 is configured to 
jerk upwardly toward top wall 1 24 in response to a liquid 
fuel wave as shown in Fig. 7 to cause upper and lower 
closure members 54, 55 to cooperate to close venting 
outlet 1 26. This sudden closure is the result of the liquid 5 
fuel 20 splashing through slots 90 and against the first 
and second flow passages 84, 86 formed in the wing 
segments 70 of the float member 50. When fluid 20 first 
hits the openings into these passages 84, 86, the open- 
ings become blocked momentarily owing to surface ten- 10 
sion and/or viscosity of the liquid fuel 20 agglomerating 
in the passage openings. This momentary blockage pro- 
duces an effect similar to what would happen if the float 
member had a "solid" bottom wall exposed to rising lev- 
els of liquid fuel 20. In the case of float member 54, there w 
is an apparent increase in displaced volume of liquid fuel 
20 that leads to quicker initial closure of venting outlet 
126. In effect, using agglomerations of liquid fuel 20 to 
close momentarily the lowermost openings into flow 
passages 84, 86 formed in float member 50 acts to tem- 
porarily "enlarge" the effective surface area of the bot- 
tom wall of the float member 50 so that more liquid fuel 
20 can be displaced, causing float member 50 to actuate 
and close more quickly. 

[0022] Valve assembly 1 0 is shown in its closed posi- 
tion in Fig. 7. At this stage, liquid fuel 20 in tank 14 has 
raised float member 50 upwardly far enough so that up- 
per closure member 54 engages the top wall 124 to 
close the venting outlet 126 formed in the top wall 124. 
Upward movement of float member 50 causes the nip- 
ple 57 in lower closure member 55 to engage conical 
valve seat 132 on upper closure member 54 and direct 
closure disk 130 in an upward direction until it seats 
against top wall 124. At the same time, the nipple 57 
closes the normally open opening 59 formed in closure 
disk 130 so that liquid fuel 20 is unable to flow through 
opening 59 to reach venting outlet 126. As shown in Fig. 
7, escape of liquid fuel and fuel vapor from tank 14 is 
blocked because a first fluid and vapor seal is estab- 
lished between top wall 124 and upper closure member 
54 and a second fluid and vapor seal is established be- 
tween upper and lower closure members 54, 55. 
[0023] After the float member 50 has reached its 
closed position, it will move according to the sustained 
liquid fuel levels relative to the valve assembly 10. For 
example, after the momentary blockage of the passage- 
ways 84, 86, the rising liquid fuel will flow into the pas- 
sageways 84, 86. If the fuel 20 rises to a sufficient level 
to create a buoyant force sufficient to float the float mem- 
ber 50, the member 50 will remain in its closed position. 
The float member 50, will however return to its neutral 
position shown in Fig. 5, when the fuel level 24 drops 
within tank 14. 

[0024] Therefore the float member 50 will sink under 
its own weight toward its rest position shown in Fig. 5 
as soon as the fuel sloshing subsides and th risk of 
liquid fuel carryover to th vapor-recovery canister 
through the venting outlet 126 is reduced. This move- 



ment allows the upper and lower closure members 54, 
55 to move to their venting positions as shown in Figs. 
8 and 9. 

[0025] It has been observ d that valves that are mov- 
able to engage overlying valve seats and close venting 
apertures formed in such valve seats have a tendency 
to remain in the closed position during high tank pres- 
sure because of a high-pressure differential acting on 
such a valve. This is especially evident in cases where 
the venting aperture has a relatively large inner diame- 
ter. See, for example, the disclosure in U.S. Patent No. 
5,028,244. The closure system of the present invention 
is designed to allow some pressurized fuel vapor to vent 
through opening 59 in such a way as to help unseat up- 
per closure member 54 from its closed position against 
top wall 124 in case upper closure member 54 becomes 
temporarily "held" in its closed position by the above- 
described pressure differential. 
[0026] As shown in Fig. 8, float member 50 has begun 
to move downwardly in the fuel tank 1 4 from the position 
shown in Fig. 7 because sloshing of fuel in fuel tank 14 
has subsided and the level of fuel exposed to the float 
member 50 has decreased. The nipple 57 on lower clo- 
sure member 55 is appended to float member 50 and 
moves in a downward direction along with float member 
50. The nipple 57 in : lower closure member 55 is small 
enough in size that it typically does not experience any 
problems in moving to an opened position. As soon as 
the nipple 57 moves downwardly with the float member 
50 under the force of gravity, nipple 57 easily disengag- 
es valve seat 1 32 in upper closure member 54 to permit 
flow of some pressurized fuel vapor in valve container 
28 to pass into opening 59 and travel through the venting 
outlet 126 in a direction around shield 128 toward first 
outlet tube 44. As shown in Fig. 7, a portion of an upper 
surface 127 of the closure disk 130 lying adjacent to 
venting outlet 1 26 will be exposed to the higher pressure 
of this pressurized fuel vapor that is vented through 
opening 59. This vented pressurized will act to apply a 
downward force to the exposed portion 127 of closure 
disk 130 that is sufficient to assist in moving the upper 
closure member 54 from the seated position shown in 
Fig. 8 to the unseated position shown in Fig. 9. 
[0027] At or about the same time, the flange 73 ap- 
pended to the central tube 72 of float member 50 will 
engage the outturned feet 1 38 formed on frame 56 used 
to support upper closure member 54. As float member 
50 continues to move in a downward direction, this en- 
gagement of flange 73 and feet 138 will cause float 
member 50 to pull the frame 56 and the attached upper 
closure member 54 positively away from engagement 
with the underside of top wall 1 24 to the unseated posi- 
tion shown in Fig. 9. 

[0028] Roat member 50 incorporates wing segments 
70 that are configured to allow fuel vapor to pass there- 
through and to pilot float member 50 in the chamber 52 
formed in valve container 28. Wing segments 70 also 
provide displacem nt volume for great r buoyancy for 
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fixed h ight of float member 50. Passages 84, 86 
through wing segments 70 restrict and therefore retard 
fluid flow therethrough due to viscosity of fluid momen- 
tarily providing an apparent increase in displaced vol- 
ume and increasing buoyancy of float member for faster s 
closure. Thus, float member 50 is able to react quickly 
to rising liquid fuel. These flow passages 84, 86 are thus 
sized and shaped to maximize buoyant displacement of 
float member 50. Float member 50 is configured to pro- 
vide a differential in flow restriction between fuel and va- 
por at high flow rates. This differential results in rapid 
float closure with rapidly rising liquid fuel levels but the 
float remains open with only vapor flow. 
[0029] Another embodiment of a tank venting control 
system 192 is shown in Fig. 10 and several views of the 
float member illustrated in Fig. 10 are shown in Figs. 
11-13. 

[0030] Control system 1 92 includes a vent apparatus 
262 and an elongated tubular skirt 266. The tubular skirt 
266 shown in Fig. 1 0 has a set of first connector portions 
269 to couple an uppermost end 270 of tubular skirt 266 
to overlying vent apparatus 262. The connector portions 
269 of the skirt 266 permit the vent apparatus 262 to be 
interchangeable with skirts 266 of different lengths. The 
vent apparatus 262 controls fuel vapor venting through 
aperture 234 in fuel tank 198. Vent apparatus 262 is de- 
signed to be mounted in the aperture 234 formed in the 
top wall 232 as shown, for example, in Fig. 10. Vent ap- 
paratus 262 includes a valve housing 280. Housing 280 
is formed to include a partition 238 having a valve seat 
1 94 that defines a vapor-inlet opening 286 therethrough. 
In addition, the housing 280 includes a vapor-outlet 
opening 288 interconnected in fluid communication with 
the vapor-inlet opening 286 by a passageway 284. The 
vapor-outlet opening 288 is connected to the vapor-re- 
covery canister 18. It is understood that opening 288 
may be coupled to a wide variety of treatment appara- 
tuses. 

[0031] Valve housing 280 of vent apparatus 262 is 
formed to include a hollow interior that is divided into a 
lower chamber 289 and an upper chamber 290 defined 
by passageway 284 as shown, for example, in Fig. 1 0. 
Upper chamber 290 of valve housing 280 is formed to 
include a first outlet 1 90 defining the Vapor-outlet open- 
ing 288. First outlet 190 is coupled to vapor-recovery 
canister 1 8. Valve housing 280 also includes an inlet 1 96 
for communicating pressurized fuel vapor discharged 
from run-loss valve (not shown) into the valve housing 
280. Valve housing 280 is thus a part of two vent paths 
for pressurized fuel vapor being discharged from fuel 
tank 198 to vapor-recovery canister 18. 
[0032] Rollover valve assembly 210 includes a first 
nipple 236, a second nipple 237, a float member 235 
and a rollover spring 292 arranged and movable to con- 
trol liquid fuel and fuel vapor discharge from the fuel tank 
198 through the venting inlet aperture 286. This control- 
led discharge may occur in a variety of instances. For 
example, fuel vapor may be discharged from tank 198 



as liquid fuel sloshes in the fuel tank 198 during vehicle 
movement and when high pressure develops in the fuel 
tank 198. In addition, fuel vapors may be discharged 
from fuel tank 198 when the tank 198 is filled with liquid 
fuel 20 during refueling and when the fuel tank 198 tilts 
or is inverted during vehicle rollover. 
[0033] As shown in Figs. 1 0 and 1 3, the float member 
235 includes a top shell 294 formed to include the sec- 
ond nipple 237 at its upper end and a base shell 296 
formed to include a downwardly opening annular cavity 
298 sized to receive the coiled rollover spring 292 there- 
in. The nipples 236, 237 are arranged and sized to block 
pressurized fuel vapor and also liquid fuel flow through 
the vapor-inlet opening 286 formed in partition 238 as 
shown in Fig. 10. 

[0034] The base shell 296 of float member 235 is best 
shown in Figs. 11 and 12. Float member 235 includes 
wing segments 370 appended to a central post 372. 
Wing segments 370 include first and second spoke 
walls 376, 378 and exterior and interior walls 380, 382. 
As best shown in Fig. 11, the spokes 376, 378 extend 
between the opposite ends of walls 380, 382 to define 
a first flow passageway 386 therebetween. In addition 
a bridge 387 couples each of the interior walls 382 to 
the central post 372. See Fig. 12. The bridges 387 co- 
operate with the interior walls 382 and the first and sec- 
ond spokes 376, 378 to define T-shaped passageways 
384 through the valve member 235. 
[0035] The first nipple 236 includes a frame assembly 
300 coupled to the float valve 235 to permit relative 
movement therebetween and a closure member 31 0 at 
its tip. The closure member 310 is appended to the 
frame assembly 300 to face toward the upstream valve 
seat 194 formed in partition ;238. The closure member 
31 0 includes an outer surface 31 2 configured to fit close- 
ly against the conically shaped upstream valve seat 194 
so that liquid fuel and fuel vapor are unable to pass be- 
tween the partition 238 and the first nipple 236 upon 
sealing engagement of the closure member 31 0 and the 
upstream valve seat 194. A gasket 216 is typically pro- 
vided to ensure a sealing engagement between valve 
235 and valve seat 1 94. The closure member 21 0, how- 
ever, is formed to include a bypass passageway 214 ex- 
tending therethrough, as shown, for example, in Fig. 1 0, 
to permit the flow of some fuel vapor into the passage- 
way 284 through the vapor-inlet opening 286 under cer- 
tain circumstances that will be discussed hereafter. 
[0036] As best shown in Fig. 13, the second nipple 
237 includes a solid closure member 21 5 having a guide 
21 7 at its tip that faces toward a downwardly facing, con- 
ically shaped valve seat 218 formed at the inlet end of 
bypass passageway 214. The closure member 215 is 
sized and shaped to block liquid fuel and vapor flow 
through bypass passageway 214 upon the solid closure 
member 21 5 of the second nipple 237 sealing engaging 
the valve seat 218 of the first nipple 236. The closure 
members 310, 215 of the first and second nipples 236, 
237 are movable relative to the partition 238 and to each 
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other. The nipples 236, 237 assume nested positions 
blocking liquid fuel and fuel vapor flow through the va- 
por-inlet opening 286 to protect the vapor-recov ry can- 
ister 18 connected to first outlet 190 of valve housing 
280 from liquid fuel carryover and to maintain a proper 5 
pressure head in a vapor space (not shown) in the fuel 
tank 198 during refueling. 

[0037] The frame assembly 300 of the first nipple 236 
includes a radially outwardly extending and axially 
downwardly extending side wall 220 that terminates at w 
an annular base 222 and provides the frame assembly 
300 with an inverted cup-like shape. The frame assem- 
bly 300 is formed to include an interior region 224 sized 
to receive the second nipple 237 therein as shown in 
Fig. 1 0. A plurality of windows 226 are formed in the side 
wall 220 to allow fuel vapor to pass into the interior re- 
gion 224 on its way to the bypass passageway 214 (as 
long as the second nipple 237 is not moved to its closed 
position). 

[0038] A release flange 228 is appended to the top 
shell 294 of float valve 235 and arranged to lie in the 
interior region 224 of the frame assembly 300. The re- 
lease flange 228 extends in a radially outward direction 
to provide a downwardly facing surface 230 that faces 
toward an upwardly facing surface 231 provided on 
frame assembly 300. Sufficient downward movement of 
float valve 235 in fuel tank 198 will cause the release 
flange 228 to engage the surface 231 and pull the first 
nipple 236 away from engagement with the upstream 
valve seat 214, thereby opening the vapor-inlet opening 
286 as shown in Fig. 10. Of course, such downward 
movement of the float valve 235 happens when fuel is 
not sloshing around in tank 1 98 and the risk of liquid fuel 
carryover to the vapor-recovery canister 1 8 is low or 
when the fuel level in the tank 198 is being consumed 
in the vehicle engine (not shown) and no tank refueling 
is taking place. 

[0039] Float-valve housing 335 is formed as a one- 
piece housing member. The housing 335 includes a top 
side 250 adjacent the lower chamber 289 of valve hous- 
ing 280 and an opposite bottom side 252. The housing 
335 further includes a center portion 254. The center 
portion 254 includes solid partitioned members 256 po- 
sitioned in spaced-apart relation to one another and a 
bottom plate 258 fixed therebetween. The housing 335 
surrounds and supports the rollover valve assembly 
210. The spring 292 is placed on the bottom plate 258 
of the float-valve housing 335 to act against the base 
shell 296 of the float member 235 and assist in raising 
float member 235 toward its closed position and thus 
closure member 310 against the upstream valve seat 
214. 

[0040] Tubular skirt 266 is formed to include a skirt 
inlet 240 at a lowermost end 274 of an annular side wall 
242. Skirt inlet 240 includes apertures 244 therethrough 
an upper side wall apertur 246 formed in uppermost 
end 270 as shown in Fig. 1 0. The aperture 246 conducts 
fuel vapor from the fuel tank 1 98 into channels 248 with- 



in the tubular skirt 266 when the apertures 244 in skirt 
inlet 240 are closed by liquid fuel. The upper side wall 
aperture 246 is positioned to lie in horizontally spac d- 
apart relation to the float valve 234. 
[0041] the tubular skirt 266 surrounds rollover valv 
assembly 2 1 0 and defines the annular channel 248 ther- 
ebetween. Preferably the skirt incorporates the float- 
valve housing 235 therein. The channels 248 are posi- 
tioned between the solid partitioned members 256 and 
in a spaced-apart relationship. Uppermost end 270 of 
tubular skirt 266 includes connector portions 269 around 
its periphery, as shown for example in Fig. 10. These 
connector portions 269 are arranged to engage mating 
connectors 268 formed on valve housing 280. As noted 
previously, such a snap-connector feature facilitates as- 
sembly of a modular fill-limit valve including a snap-to- 
gether vent apparatus 262. 

[0042] In operation, the float member 235 selectively 
blocks the flow of liquid fuel and fuel vapors out of the 
fuel tank 14. Float member 235 operates in a similar 
manner as float member 50 as shown in Figs. 7-9 and 
as previously discussed. 

[0043] Still another embodiment of a tank venting con- . 
trol system is shown in Fig. 14. A tank venting control 
system 351 is provided that operates to vent pressu- 
rized fuel vapor from vapor space 22 at the proper time 
and also operates to block unwanted discharge of liquid 
fuel 20 and fuel vapor from tank 1 4 through the aperture 
12 formed in top wall 26 of tank (not shown). 
[0044] As shown in Figs. 14-17, control system 351 , 
includes a valve assembly 651 that has a valve contain- 
er 628 and a container lid. 630 that cooperate to define 
an interior region 629 therebetween. The valve contain- 
er 628 includes a cylindrical sleeve £32 having an anr 
nular lower rim 634 and an upper flange 636 defining an 
annular upper rim 638. The upper, rim 638 is supported 
by lower ribs 639 appended to both the upper flange 636 
and sleeve 632. Valve container 628 further includes an 
external radially extending inlet tube 630 coupled to 
sleeve 632. Container lid 630 includes a closure shell 
640 and an annular mounting flange 642 depending 
from closure shell 640. Container lid 640 also includes 
an output tube 644 coupled to closure shell 640. The 
output tube 644 positioned to lie substantially parallel to 
inlet tube 660. See Figs. 14 and 16. The mounting flange 
642 of the container lid 630 also includes a slot 645 sized 
to receive a gasket 647 therein. The gasket 647 rests 
upon atop wall (not shown) of fuel tank to provide a seal- 
ing engagement therebetween. See Fig. 17. The valve 
container 628 is coupled to the container lid 630 as 
shown in Fig. 17. The valve container 628 is sized for 
insertion through an aperture formed through the wall of 
the fuel tank (not shown). See for example Fig. 1 . 
[0045] Valve assembly 651 further includes an inter- 
nal housing 653 positioned to lie within the internal re- 
gion 629 betw en container 628 and lid 630. The inter- 
nal housing 653 includes an upper wall 655 having a 
venting aperture 657 ther through, an opposite bottom 
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end 659 having an axialty lower rim 661 defining an open 
mouth 663, and a side wall 665 extending therebe- 
tween. The side wal) 665 includes a mounting tab 667 
that extends radially outwardly and is mounted betw en 
the container lid 630 and the valve container 628. The 5 
internal housing 653 partitions the int rior region 629 
into an upper region 669 and a lower region 671 . In ad- 
dition, valve assembly 651 includes a float member 650 
sized to fit into and move up and down in a chamber 652 
formed in internal housing 653, an upper closure mem- 10 
ber 654, a frame 656 configured to support upper clo- 
sure member 654 and connect to float member 650 to 
allow for some limited axial movement of float member 
650 relative to upper closure member 654, and a base 
658 configured to connect to the axially lower rim 661 is 
of bottom end 659 and lie in a float member-supporting 
position underneath the movable float member 650. 
[0046] As shown in Fig. 17, an axially extending, 
sheet-like guide rib 662 is positioned to lie in internal 
housing 653 so that one edge of the guide rib 662 is 20 
anchored to an inner surface 364 of wall 665. The guide 
rib 662 extends in a radial direction from that inner sur- 
face 664 toward a central axis 666 extending axially 
through valve container 628. Although only one guide 
rib 662 is illustrated in Fig. 1 7, it is understood that three 2s 
guide ribs 662 are uniformly spaced apart at 120° inter- 
vals and function to mate with the axially movable float 
member 650 and block rotation of float member 650 rel- 
ative to cylindrical sleeve 632 as previously disclosed. 
Greater or fewer than three guide ribs 662 may be em- 30 
ployed. 

[0047] Float member 50 is positioned to lie within the 
internal housing 653 and is best illustrated in Figs. 4a 
and 17. Referring now to Fig. 17, a compression spring 
670 extends into the chamber formed in the central post 35 
of float member 50. Spring 670 applies an upwardly di- 
rected force to float member 50 by acting against dome 
51 and base 658 to assist in lifting float member 50 
whenever float member 50 is exposed to rising levels of 
liquid fuel 20. *o 
[0048] Base 658 is shown in Fig. 17 and includes a 
circular plate 688 formed to include, for example, three 
annular slots 690 arranged to lie near and extend 
around the perimeter edge of circular plate 688. Base 
658 also includes a protrusion 692 sized to fit into the 45 
open mouth 663 formed at bottom end 659 of the central 
post of the float member 50. It is understood that the 
base 658 may be coupled to the internal housing in a 
wide variety of manners. 

[0049] In operation, rising fuel vapors and liquid fuel so 
within the fuel tank (not shown) enter the fill limit valve 
assembly 65 1 through a passageway 672 defined by the 
inlet tube 660. The fuel vapor and liquid fuel flow through 
the lower region 671 as shown by arrows 674 and 
through apertures (not shown) in the base 658. As pre- 55 
viously discussed, when the fuel level hits the bottom of 
the float member 50, the float member 50 jerks in an 
upward direction away from the rising fuel 20. Specifi- 



cally, the float member will immediately rise and the up- 
per closure member 54 "will engage the upper wall 655 
of the internal housing 653 and close the venting aper- 
ture 657. Once the initial fuel flow decelerates, the float 
member 50 s ttl s to is normal buoyancy lev I and 
floats upon the liquid fuel (not shown) present within the 
chamber of the control system. 
[0050] An embodiment of the present invention a tank 
venting control system 410 is provided and is illustrated 
in Figs. 18-25. Referring to Fig. 18, control system 410 
is mounted in an aperture 12 formed in a fuel tank 14 
having a filler neck 16 as shown in Fig. 18, to regulate 
flow of liquid fuel and fuel vapor from tank 1 4 to a vapor 
recovery canister 18 or other destination outside tank 
14. 

[0051] As shown in Figs. 19-20, control system 410 
includes the valve container 28 and the container lid 30 
of Figs. 1-9. In addition control system 410 includes a 
floor 462 and a base 458. The base 458 includes a cir- 
cular plate 488 with, for example, three annular slots 490 
arranged to lie near and extend around the perimeter 
edge of circular plate 488. Base also includes a hemi- 
spherical-shaped protrusion 492 sized to fit into an open 
mouth formed at one end of central tube 72 included in 
float member 50. Protrusion 492 may have a wide vari- 
ety of shapes and sizes in accordance with the present 
invention. 

[0052] The base 458 of valve assembly 410 defines 
a fill-limit valve housing 450 adjacent the annular lower 
rim 34 of sleeve 32 within valve container 28. A float 
valve 452 is positioned to lie. inside an interior region 
452 of fill-limit valve housing 450 for movement therein. 
Float valve, 452 is movable between an opened position 
shown in Figs. 21 and 25, allowing flow of pressurized 
flow vapor from fuel tank 14 into six annular slots 490 
formed in the base 458 and through flow passages 84, 
86 in float member 50, and a closed position shown in 
Figs. 22 and 24 blocking flow of pressurized fuel vapor 
from fuel tank 14 into flow passages 84, 86 through an- 
nular slots 490. It is understood that greater or fewer 
than six slots 490 may be formed through base 458 in 
accordance with the present invention. 
[0053] The floor 462 is positioned to lie under float 
valve 452 and is coupled to the sleeve 32 of the valve 
container 28. The floor 462 includes snap-connectors 
464 and a bottom opening 460 extending therethrough 
as shown, for example, in Fig. 21 . 
[0054] The base 458 defines a top boundary of cham- 
ber 452 and lies in vertically spaced-apart parallel rela- 
tion to floor 462 to position movable float 452 therebe- 
tween. The slots 490 of the base 458 interconnect 
chamber 552 in fill-limit valve housing 550 and flow pas- 
sages 84, 86 in float member 50 in fluid communication. 
Float valve 452 includes a bottom wall 473 and a top 
wall 474 positioned to engage underside 476 of base 
458 in chamber 452 to clos each slot 490 formed in 
base 458 to block liquid fuel flow therethrough in re- 
sponse to movement of float valve 452 to its closed po- 
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sition as shown, for example, in Fig. 22. 
[0055] Movable float valve 452 is formed to include a 
central ap rture 472 and a fine screen 482 coupled to 
the bottom wall 473 extending across the c ntral aper- 
ture 472. The fine screen 482 includes apertures having 5 
a width of about 150 to about 500 microns. More pref- 
erably, the fine screen 482 is constructed of about 150 
micron square weave nylon. It is understood, however 
that screen 482 may be constructed from a wide variety 
of materials and include apertures having a wide variety 
of shapes in accordance with the present invention. In 
addition, it is understood that the apertures in screen 
482 may have a wide variety of dimensions depending 
upon the vehicle application so long as the screen 482 
acts as a liquid discriminator to cause quick movement 
of float valve 452 toward base 458. The float valve 452 
has a density that is less than the liquid fuel and is pref- 
erably constructed of nitrophyl closed cell foam. A com- 
pression spring 478 rests upon the screen 482 and ex- 
tends through the central aperture 472 of float valve 452. 
A lower end of spring 478 engages the screen 482 and 
an upper end of spring 478 engages the underside 470 
of base 458 as shown, for example, in Fig. 21. 
[0056] The float valve 452 is held on the floor 462 by 
spring 478. Screen 482 permits fuel vapor to pass there- 
through. When however, liquid fuel from slosh condi- 
tions hits the screen 1 82, the float valve 452 immediately 
moves toward the base 458 to close the slots 490 to 
prevent liquid carryover When the liquid retreats from 
the housing 450, the spring 478 presses the float valve 
452 back toward the floor 462. 
[0057] In operation, a rising level 24 of liquid fuel 20 
in fuel tank 1 4 can raise float valve 452 in chamber 552 
from an opened position allowing flow of pressurized fu- 
el vapor from fuel tank 1 4 into slots 490 formed in base 
458 through flow passages 84, 86 formed in float mem- 
ber 50 as shown, for example, in Fig. 21 to a closed po- 
sition shown, for example, in Fig. 22. 
[0058] In use , the float valve 452 and the float member 
50 are each able to react quickly to rising levels of liquid 
fuel 20 in tank 14 to move upwardly toward top wall 24 
of valve container 28. As liquid fuel 20 enters the bottom 
opening 460 in floor 462, the liquid fuel 20 encounters 
the fine screen 482. The openings through the screen 
482 are blocked momentarily owing to surface tension 
and/or viscosity of the liquid fuel 20 agglomerating in the 
openings. This produces an effect similar to what would 
happen if the float valve 452 had a "solid" bottom wall 
exposed to rising levels of liquid fuel 20. In the case of 
float valve 452, there is an apparent increase in dis- 
placed volume of liquid fuel 20 that leads to quicker initial 
closure of slots 490. In effect, using agglomerations of 
liquid fuel 420 to close momentarily the central aperture 
472 formed in float valve 452 acts to temporarily "en- 
large" the effective surface area of the bottom wall 473 
of the float valve 452 so that more liquid fuel 20 can be 
displac d, causing float valve 452 to actuate snap 
against base 458. 



[0059] In s vere fuel sloshing conditions over rough 
terrain or during sharp turns, fuel 20 may slosh in the 
fill-limit valv housing 450 at a speed that is greater than 
the movement of the float valve 452. See Fig. 23. Insuch 
instances, fuel 20 will rise through slots 490 in the base 
456 and encounter the first and second flow passages 
84, 86 formed in the wing segments 70 of the float mem- 
ber 50. The flow passages 84, 86 are sized so that they 
are blocked momentarily owing to surface tension and/ 
or viscosity of the liquid fuel 20 agglomerating into the 
passages 84, 86. As previously discussed, agglomera- 
tions of liquid fuel 20 temporality enlarges the surface 
area of the float member 50 and snaps the float member 
50 to a closed position. See F\g. 23. 
[0060] Control system 410 is shown in its fully closed 
position in Fig. 23. At this stage, liquid fuel 20 in tank 14 
has raised float member 50 upwardly far enough so that 
upper closure member 52 engages the top wall 24 to 
close the venting outlet 126 formed in the top wall 24. 
At the same time, the nipple 57 in the lower closure 
member 55 appended to the float member 50 is posi- 
tioned to close the opening 59 formed in upper closure 
member 52. Escape of liquid fuel and fuel vapor from 
tank 14 is blocked because a first fluid and vapor seal 
is established between top wall 24 and upper closure 
member 54 and a second fluid and vapor seal is estab- 
lished between, upper and lower closure members 54, 
56. As soon as the fuel sloshing subsides and the risk 
of liquid fuel carryover to the vapor-recovery canister 18 
through the venting outlet 126 is reduced, then float 
member 50 will sink under its own weight toward its rest 
position shown in Fig. 21. 

[0061] Operational stages of control system 41 0 dur- 
ing a typical fuel tank refueling sequence are shown jn 
Figs. 21 and 24-25. Initially, the level 24 of liquid fuel 20 
in fuel tank 14 is rather low as shown in Fig. 21. At rel- 
atively low fuel vapor pressure levels in fuel tank 14, no 
venting through valve assembly 410 is occurring and 
both float member 50 and float valve 452 are opened. 
[0062] During refueling, the top surface 24 of liquid 
fuel 20 rises and once the level 24 of liquid fuel 20 in 
fuel tank 14 has risen to a pre-determined level as 
shown in Fig. 24, float valve 452 in fill-limit valve housing 
450 moves to its closed position. This arrests aspiration 
of displaced fuel vapor in fuel tank 14 and blocks gross 
passage of liquid fuel 20 into slots 490 in base 458. 
[0063] At this stage, if a pump operator continues to 
add more and more liquid fuel into filler neck 16 using 
the trickle-fill technique, the level 24 of liquid fuel 20 will 
ultimately rise to a point where it flows around the float 
valve 452 and through the slots 490 in the base 458 as 
shown in Fig. 25. Eventually, the level 24 of liquid fuel 
20 will rise to a level that is high enough to apply a buoy- 
ancy force to valve member 50 to raise valve member 
50 to its closed position. This point is reached after a 
pre-selected successive overfill (i.e., trickle-fill) at- 
tempts by a pump operator. That is after a pump oper- 
ator clicks or squeezes the lever handle on the pump 
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nozzle (not shown) slowly after the first automatic nozzle 
shut-off has occurred. Once valve member 50 is mov d 
to its closed position as shown in Fig. 25, fuel vapor no 
longer passes from fuel tank 14 to vapor-recovery can- 
ister 26. At this stage, no more liquid fuel can be added 
to fuel tank 14. As previously discussed, first and second 
closure members 54, 56 will cooperate to open pas- 
sageway 126 when the fuel level 24 decreases in tank 
14. 

[0064] Beneficially, a float member in accordance with 
the present invention provides the user with a quick 
close mechanism the is activated when the fuel level hits 
the bottom of the float member. The float member 50 
behaves as a liquid discriminator by momentarily block- 
ing the flow of rapidly rising liquid fuel 20 through flow 
passages 84, 86 that extend through the float member 
50. Thus, the float member 50 displaces a large volume 
of liquid fuel 20 and immediately jerks to a closed posi- 
tion. Once however, the initial fuel flow decelerates and 
the fuel 20 flows into the flow passages 84, 86, the float 
member 50 finds its normal buoyancy and float upon the 
liquid fuel 20. The float member 50 of the present inven- 
tion will then rise and fall within the valve container 28 
as the fuel level 24 increases and decreases. In addi- 
tion, a float valve in accordance with the present inven- 
tion provides the user with a secondary valve system 
that also behaves as a liquid discriminator to cause a 
rapid valve response to block the flow of liquid fuel 20 
toward the float member 50 of the present invention. 
[0065] Although the mvention has been described in 
detail with reference to a preferred embodiment, varia- 
tions and modifications exist within the scope of the in- 
vention as described and defined in the following claims. 



Claims 

1 . An apparatus for controlling discharge of fuel vapor 
from within a vehicle fuel tank (14), the apparatus 
comprising 

a valve container (28) adapted to be mounted 
in a top wall of the fuel tank (14) and formed to in- 
clude an inlet in fluid communication with the fuel 
tank (14), an outlet (126), a side wall extending be- 
tween the inlet and outlet, and a chamber in fluid 
communication with the inlet and the outlet, 

a valve member (50) disposed in the chamber 
and formed for movement between an open posi- 
tion allowing flow of fuel vapor through the outlet 
(126) and a closed position preventing flow of fuel 
vapor through the outlet (126), and a secondary 
float valve (452) disposed between the inlet of the 
valve container (28) and the valve member (50), 
characterised In that the valve member (50) in- 
cludes a central post (72) and wing segments (70) 
positioned to lie in a spaced apart relationship about 
the post (72) the wing segments being formed to 
define flow passages (84, 86) sized to permit the 



flow of fuel vapor ther through and to block momen- 
tarily the flow of liquid fuel therethrough, and 

the secondary float valve (452) is formed for 
movement between an open position allowing flow 
s of fuel vapor to the wing segments (70) of the valve 
member (50) and a closed position blocking flow of 
liquid fuel to the wing segments (70). 

2. The apparatus of claim 1 , wherein the secondary 
10 float valve (452) is formed to include a passageway 

(472) that extends therethrough and a screen (482) 
that extends across that passageway (472), the 
screen (482) including apertures sized to permit the 
flow of fuel vapor therethrough and to block momen- 
ts tarily the flow of liquid fuel therethrough. 

3. The apparatus of claim 2, wherein the secondary 
float valve (452) includes an upper surface (474) 
and an opposite lower surface (473) and the screen 

20 (482) is coupled to the lower surface (473). 

4. The apparatus of claim 2, further comprising a base 
(458) being formed to include a slot (490) there- 
through, the base (458) being positioned to lie with- 

25 in the chamber between the valve member (50) and 
the secondary float valve (452). 

5. The apparatus of claim 4, further comprising a com- 
pression spring (478) extending between the 

30 screen (482) and the base (458). 

6. The apparatus of claim 4, wherein the base (458) 
is coupled to the valve container (28) and the valve 
member (50) selectively rests upon the base (458) 

35 in the open position. 

7. The apparatus of claim 1 , further comprising a floor 
(462) that is coupled to the inlet of the valve con- 
tainer (28) and is formed to include a bottom open- 

40 ing (460) therethrough and the float valve (452) is 
positioned to lie within the chamber between the 
floor (462) and the valve member (50). 

8. The apparatus of claim 7, further comprising a base 
45 (458) being formed to include a slot (490) there- 
through, the base (458) being positioned to lie with- 
in the chamber between the valve member (50) and 
the secondary float valve (452). 

so 9. The apparatus of claim 8, further comprising a com- 
pression spring (71) extending between the float 
valve (452) and the base (458) and normally urging 
the float valve (452) toward the floor (462). 



1. Vorrichtung zur Steuerung der Abgabe von Kraft- 
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» - stoffdampf aus dem Inneren eines Kraftstofftarik 
(14) eines Fahrzeugs, enthaltend 
einen Ventiibehalter (28), der in einer oberen Wand 
des Kraftstofftanks (14) befestigt werden kann und 
so gestaltet ist, dass r einen Einlass, der in Fluid- s 
verbindung mit dem Kraftstofftank (14) steht, einen 
Ausiass (126), eine Seitenwand, die sich zwischen 
dem Einlass und dem Ausiass erstreckt, und eine 
Kammer aufweist, die in Fluidverbindung mit dem 
Einlass und dem Ausiass steht, to 
einen Ventilteil (50), der in der Kammer angeordnet 
und so gestaltet ist, dass er sich zwischen einer ge- 
dffneten Position, in der ein Kraftstoffdampffluss 
durch den Ausiass (126) ermoglicht wird, und einer 
geschlossenen Position bewegen kann, in der ein is 
Kraftstoffdampffluss durch den Ausiass (126) ver- 
hindert wird, 

ferner ein Sekundarschwimmerventil (452), das 
zwischen dem Einlass des Ventilbehalters (28) und 
dem Ventilteil (50) angeordnet ist, 20 
dadurch gekennzeichnet, dass der Ventilteil (50) 
einen Zentralstempel (72) und Flugelsegmente (70) 
aufweist, die so angeordnet sind, dass sie in mit Ab- 
stand zum Zentralstempel (72) liegen, wobei die 
Flugelsegmente so gestaltet sind, dass sie Strd- 25 
mungsdurchlasse (84, 86) bilden, die so groG sind, 
dass sie das Hindurchstrdmen von Kraftstoffdampf 
ermoglichen und fur einen Augenblick das Hin- 
durchstrdmen von flussigem Kraftstoff verhindern, 
und dass das Sekundarschwimmerventil (452) so 30 
gestaltet ist, dass es sich zwischen einer geoffneten 
Position, in der ein Kraftstoffdampffluss zu den Flu- 
gelsegmenten (70) des Ventilteils (50) ermoglicht 
wird, und einer geschlossenen Position bewegen 
kann, in der ein Fluss von flussigem Kraftstoff zu 35 
den Flugelsegmenten (70) verhindert wird. 

2. Vorrichtung nach Anspruch 1 , wobei das Sekundar- 
schwimmerventil (452) so gestaltet ist, dass es ei- 
nen Durchgangskanal (472) aufweist, der sich *o 
durch das Sekundarschwimmerventil (452) hin- 
durch erstreckt, sowie einen Schirm (482), der sich 
uber den Durchgangskanal (472) hinweg erstreckt, 
wobei der Schirm (482) Offnungen aufweist, die so 
groB sind, dass sie ein Durchstromen mit Kraftstoff- <s 
dampf ermoglichen und fur einen Augenblick das 
Hindurchstromen von flussigem Kraftstoff verhin- 
dern. 

3. Vonichtung nach Anspruch 2, wobei das Sekundar- so 
schwimmerventil (452) eine obere Oberflache (474) 
und eine abgewandte untere Oberflache (473) auf- 
weist, und dass der Schirm (482) mit der unteren 
Oberflache (473) verbunden ist. 
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4. Vorrichtung nach Anspruch 2, weiterhin enthaltend 
eine Basis (458), die so gestaltet ist, dass sie einen 
hindurch gehenden Schlitz (490) aufweist, wobei 



die Basis (458) so angeordnet ist, dass sie inn r- 
halb der Kammer zwischen dem V ntilteil (50) und 
dem Sekundarschwimmerventil (452) liegt. 

5. Vorrichtung nach Anspruch 4, weiterhin enthaltend 
eine Druckfeder (478), die sich zwischen dem 
Schirm (482) und der Basis (458) erstreckt. 

6. Vorrichtung nach Anspruch 4, wobei die Basis (458) 
mit dem Ventiibehalter (28) verbunden ist und wo- 
bei der Ventilkorper (50) wahlweise auf der Basis 
(458) in der geoffneten Position ruht. 

7. Vorrichtung nach Anspruch 1, wobei weiterhin ein 
Boden (462) vorgesehen ist, der mit dem Einlass 
des Ventilbehalters (28) verbunden und der so ge- 
staltet ist, dass er eine hindurch reichende, boden- 
seitige Gffnung (460) umfasst, und wobei das 
Schwunmerventil (452) so angeordnet ist, dass es 
innerhalb der Kammer zwischen dem Boden (462) 
und dem Ventilteil (50) liegt 

8. Vorrichtung nach Anspruch 7, weiterhin enthaltend 
eine Basis (456), die so gestaltet ist, dass sie einen 
hindurch reichenden Schlitz (490) aufweist, wobei 
die Basis (458) so angeordnet ist, dass sie inner- 
halb der Kammer zwischen dem Ventilteil (50) und 
dem Sekundarschwimmerventil (452) liegt. 

9. Vorrichtung nach Anspruch 8, weiterhin enthaltend 
eine Druckfeder (71), die sich zwischen dem 
Schwimmerventil (452) und der Basis (458) er- 
streckt und die normalerweise das Schwimmerven- 
til (452) in Richtung auf den Boden (462) vorspannt. 



Revendicatibns 

1 . Appareil pour r^guler I'evacuation de vapeur de car- 
burant de I'interieur d'un reservoir de carburant de 
veliicule (14), I'appareil comprenant 

un carter de soupape (28) adapts pour etre 
monte dans une paroi superieure du reservoir de 
carburant(14) etformee pourcomprendre un orifice 
d'entree en communication fluide avec le reservoir 
de carburant (1 4), un orifice de sortie (1 26), une pa- 
roi laterale s'&endant entre I'orifice d'entree et I'ori- 
fice de sortie, et une chambre en communication de 
fluide avec I'orifice d'entree et I'orifice de sortie, 

un 6l6ment de soupape (50) dispose* dans la 
chambre et forme" pour se dgplacer entre une posi- 
tion ouverte permettant I'ecoulement de vapeur de 
carburant a travers I'orifice de sortie (126) et une 
position ferm6e empechant l'6coulement de vapeur 
de carburant a travers I'orifice de sortie (1 26), et une 
soupape a flotteur secondaire (452) disposee entre 
I'orifice d'entree du carter de soupape (28) t I'ete- 
mentdesoupap (50), caracterise en ce qu I'elg- 
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• mentdesoupape (50) comprendunmontant central 8. 
(72) et des segments d'aile (70) positionnes pour 
se situer dans une r tation espacee autour du mon- 
tant, les segm nts d'aile etant formes pour definir 
des passages d'ecoulement (84, 86) dimensionn6s s 
pour permettre l^coulement de vapeur de carbu- 
rant a travers ceux-ci et pour bloquer momentane- 
ment I'ecoutement de carburant liquide a travers 9. 
ceux-ci, et 

la soupape a f lotteur secondaire (452) est for- w 
mee pour se d6placer entre une position ouverte 
permettant Tecoulement de vapeur de carburant 
jusqu'aux segments d'aile (70) de l'6l6ment de sou- 
pape (50) et une position fermee bloquant recoup- 
ment de carburant liquide jusqu'aux segments is 
d'aile (70). 

2. Appareil selon la revendication 1 , dans lequel la 
soupape a flotteur secondaire (452) est form6e 
pour comprendre un passage (472) qui s'6tend a 20 
travers cel!e-ci et un ecran (482) qui s'etend a tra- 
vers ce passage (472), I'ecran (482) comprenant 
des ouvertures dimensionnees pour permettre 
Pecoulement de vapeur de carburant a travers celui- 

ci et pour bloquer momentanement I'ecoulement de 25 
carburant liquide a travers celui-ci. 

3. Appareil selon la revendication 2, dans lequel la 
soupape a flotteur secondaire (452) comprend une 
surface superieure (474) et une surface inferieure 30 
opposed (473) et Pecran (482) est accouple a la sur- 
face inferieure (473). 

4. Appareil selon la revendication 2, comprenant en 
outre une base (458) qui est formed pour compren- 35 
dre une fente (490) a travers celle-ci, la base (458) . 
etant positionnee pour se situer a I'interieur de la 
chambre entre Tenement de soupape (50) et la sou- 
pape a flotteur secondaire (452). 

40 

5. Appareil selon la revendication 4, comprenant en 
outre un ressort de compression (478) s'etendant 
entre I'ecran (482) et la base (458). 

6. Appareil selon la revendication 4, dans lequel la ba- 
se (458) est accouplee au carter de soupape (28) 
et Fetement de soupape (50) repose de maniere se- 
lective sur la base (458) dans ia position ouverte. 

7. Appareil selon la revendication 1, comprenant en so 
outre un plancher (462) qui est accouple a Porifice 
d'entr6e du carter de soupape (28) et est fornrte pour 
comprendre une ouverture interieure (460) a tra- 
vers celui-ci et la soupape a flotteur (452) est posi- 
tionnee pour se situer a I'interieur de ia chambre ss 
entr ie plancher (462) et 1'6l6ment de soupape 
(50). 



Appareil selon la revendication 7, comprenant en 
outre une base (458) qui est form6e pour compren- 
dre une fente (490) a travers celle-ci, la base (458) 
etant positionnee pour se situer a i'interieur de la 
chambre entre P6l6ment de soupape (50) et la sou- 
pape a flotteur secondaire (452). 

Appareil selon la revendication 8, comprenant en 
outre un ressort de compression (71 ) s'6tendant en- 
tre ia soupape a flotteur (452) et la base (458) et 
poussant normalement ia soupape a flotteur (452) 
vers le plancher (462). 



13 



EP 1007 872 B1 




14 




15 



EP1 007 872 B1 




16 



EP 1 007 872 B1 




FIG. & FIG 9 
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FIG. 11 
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